ABSTRACT In a previous study on 27 patients with chronic bronchitis we found that only three developed bronchoconstriction in response to hyperventilation of cold, dry air despite an increased responsiveness to methacholine inhalation. We therefore investigated bronchial responsiveness to hyperventilation with cold, dry air and methacholine in 27 patients with stable asthma who had a similar range of baseline FEV, values but who developed bronchoconstriction that could be reversed to give an FEV, more than 70% of the predicted value. Baseline FEV, was 0.88-3.98 1(37-114% predicted). All but one subject developed bronchoconstriction in response to hyperventilation. There was a linear relationship between baseline FEV, and response to methacholine (r2 = 0.37, p < 0.001) and the relationship was significantly different from that found in the bronchitic subjects (F250 = 24.94, p < 0.001). In general, the response to methacholine was greater in the asthmatic than in the bronchitic subjects for any baseline FEV,. The results suggest that there are different mechanisms underlying the increased responsiveness to methacholine in asthma and chronic bronchitis.
In previous studies of asthmatic patients in whom baseline spirometric values were nearly normal (FEV, > 70% predicted) bronchial responsiveness to methacholine correlated with the response to isocapnic hyperventilation of cold air.' The bronchial response to methacholine is also increased in patients with chronic bronchitis4-7 though whether this is due to the presence of asthma or secondary to the airflow obstruction is not known. When we investigated the relationship between the response to methacholine and isocapnic hyperventilation of cold air in patients with chronic bronchitis with and without airflow obstruction we found that the response to methacholine correlated with the severity of the airflow obstruction,8 unlike the findings in asthmatic subjects with near normal baseline spirometric values. Most of these patients did not develop bronchoconstriction with hyperventilation. methacholine may be due to different mechanisms in asthmatic and bronchitic patients. Alternatively, the low FEV, may change the response to hyperventilation.
In the present study we investigated the relationship between the bronchial response to methacholine and that to isocapnic hyperventilation of cold, dry air in asthmatic patients with a range of baseline FEV, similar to that of the patients with chronic bronchitis studied previously.8 We compared the relationship between the responsiveness to methacholine and the degree of airflow obstruction in the asthmatic and bronchitic groups. patients at the time of study and before discontinua-Differences in responsiveness to hyperventilation and methacholine in asthma and chronic bronchitis 423 
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Results
Hyperventilation of cold, dry air caused bronchoconstriction in all but one of the asthmatic subjects. The methacholine PC20 was less than 8 mg/ml in all subjects. There was a significant correlation between the PD1O response to hyperventilation and the methacholine PC20 (r = 0.59, p < 0.01) (fig 1) .
The one subject who did not develop bronchoconstriction with hyperventilation had only a mild increase in responsiveness to methacholine (PC2o 1.8 mg/ml). In contrast to the bronchitic group therefore asthmatic patients with a low FEV, developed bronchoconstriction in response to hyperventilation challenge.
The response to methacholine correlated with the severity of airflow obstruction in both the asthmatic and the bronchitic patients, whether this was expressed as FEV, (fig 2) , FEV, % predicted, or FEV /VC% (table 2). When the relationship between the severity of airflow obstruction and the response to methacholine was compared in the asthmatic and bronchitic patients there was a significant difference in the relationship between the two groups (F2, 50 = 24.94, p < 0.001). The FEV, accounted for more of the methacholine response in the bronchitic (r2 = 0.74) than in the asthmatic patients (r2 = 0.37). In general, the PC20 was lower in the asthmatic than in the bronchitic group for any given level of airflow obstruction (fig 2) .
Discussion
This study has shown that asthmatic patients with a baseline FEV, ranging from 37% to 114% of the predicted values develop bronchoconstriction in response to hyperventilation of cold air and that, as expected, there is a linear relationship between responsiveness to cold air and methacholine. This is in contrast to the bronchitic patients studied previously,8 who in general did not develop bronchoconstriction with hyperventilation despite an increased responsiveness to methacholine. The two groups also differed in the relationship between baseline FEV1 and the response to methacholine. These findings support the hypothesis that an increase in methacholine responsiveness in the presence of chronic airflow obstruction does not necessarily imply asthma, and that the mechanism of the increase in response to methacholine is different in patients with asthma and with bronchitis. In the asthmatic subjects with a low FEV, the reduced maximum ventilation did not limit their ability to respond to hyperventilation of cold, dry air. Furthermore, the relationship between responsiveness to methacholine and respiratory heat and water loss was not significantly different from that of the asthmatics previously studied with mild or no airflow obstruction.' Thus the lack of response to hyperventilation of cold air in the bronchitic subjects is unlikely to be due to insufficient respiratory heat loss or to cooling of different areas of the respiratory tract in the presence of airflow obstruction. This suggests that the lack of bronchoconstriction in response to hyperventilation8 in the bronchitic subjects, despite an increased response to methacholine, is a real absence of response and not an artefact produced by low sensitivity of the test procedure in the presence of airflow obstruction.
Bronchoconstriction in response to hyperventilation or exercise in asthmatic subjects implies an intrinsic abnormality in the airways. The mechanism has not been established, but may depend on easier or increased release of mediators.'6-'8 The demonstration of bronchoconstriction in response to hyperventilation may be a more specific test for the presence of asthma, even if there is airflow obstruction, than a pharmacological stimulus such as inhalation of methacholine. If the bronchitic subjects did not respond to hyperventilation because they did not have true asthma, then this suggests that their increased response to methacholine is due to a different mechanism from that operating in asthma. In the bronchitic group the airflow obstruction could explain about 75% of the response to methacholine (r2 = 0.74), but only 35% in the asthmatic group (r2 = 0.37). In the asthmatic subjects a mechanism other than airflow obstruction would appear to be the main determinant of the response to methacholine. This would not be surprising as the response to methacholine can change in asthmatics without a change in airway calibre-for example, after exposure to allergen either naturally or in the laboratory. '9 20 Airflow obstruction may have influenced methacholine responsiveness in the asthmatics in this study in two main ways. Firstly, as suggested in the bronchitics, there may be physical reasons-for example, on the basis of Poiseuille's law2' or more central deposition of aerosol.22 Secondly, if smooth muscle is already contracted less methacholine may be required to stimulate a given change in length to produce the increase in airways resistance. An estimate of the severity of smooth muscle contraction can be made from the bronchodilatation achieved after administration of a f8 agonist or theophylline. The asthmatic patients selected for our study had to have an FEV, greater than 70% predicted while having treatment. Those with the most severe airflow obstruction therefore had the greatest bronchodilator response (fig 3) . As bronchodilator response correlates with responsiveness to histamine,2324 the relationship between FEV, and the response to methacholine is likely to depend on airway tone in the asthmatic group.
Although the demonstration of bronchoconstric- 
